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In thxs paper, we will suggest a view of skilled :eading that em-

3%

1
2
p’hasxzes an mtxmate connection between codxng and comprehens:on.

'O/ur thesxs is that skilled comprehensxon depends on-a‘highly refined

facxlxty for: generatmg ‘and manipulating language codes. This will be

the basis- ior suggestxng that decoding expertise should be a basic goal

S

;- mn'eadxng,-.qgst‘r‘nc tion.
e ¢

*

IO |
Lok We would like to place our argument, in perspective by outlining

a few of our basicjassumptions. Although these’ass,umptions are
- 4 3
widely shared, they are not without controversy. In any event, they

. provige the framework through which we view reading and research

.
i oo

« + _on reading. . .

- Assumptxon _Skilled reading can be partly understood as a

—— y

set of mterrelated component processes, These processes can be

1
désc nbed within an information- processxng framework or withip’any
other framework that is functionally equxvalent in its abxlxty ¢ pro-
R v1de. insight into component processes and their relatxonshxps. There

P K <, . .
., are two corollaries o£ this assumptxon:

Assumptxon 1a. ’I’he components of the readmg process are not

=

!
necessanly iunctxonally 1ndePendent. We tend to agree with those, ior

example, Guthri e (1973), who have concluded that subskills in readxng
are mutually fadilitative rather than independent, One iau'ly unpor- .
tant consequencl of this assumption is that skilled readers ate superi-
, orto \fnski'lled' Feaders.in many components of the readmg process.
‘ERIC- . ‘ -
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This means.that a gain in one subskill allows gains in other suhskills,

.that-an-insufficiently developed Sul;skill may limit the-apparent ade-
_ quacy of other subskills, and that the p_'x'oces'ses' underlying the skills
" are di‘fiichltto study in-isolation While these processes may seem
to l;e hierg.;rch‘i_cally orgamazed ‘when viewed from some pefspectives,
we :as‘sume, that.a "lower level" process can be affected by a-"higher
level" process,. and‘vice versa. For examble, knowledge of subject

matter and syntactic structure can influence word rfecognition, and.

‘the shape-of words i p,eriphéral vision may bias syntactic segmenta-

-

tion.

A Y

. . - ;
Assumptxon 1b. 'I’he component processes are isolable in prin- s

cxple, although mterrelated in practxce. Thus, desvite “cqun’{)txon la,

understanding skilled reading processes f;oes entai, yqx/s of -com-

'ponents. Consider a;n analogy of high-fidelity syste . ~with overall
reading skill andlogous-to measurable sound quahty ard component A
processes, comparable to/hx-ix components. 1 If any component is

; ' deiectwe, or if components are mxsmatched, sound quality suffers.
The components can be 1ndependent1y tested and, mo/re 1mportant1y,

mdependently 1mproved. However, improvement of one component . ‘-

may not immediately 1mprove sound quality (but it may increase the
potent1al of the system to benefit from later improvement in other
components) For example, an improved cartridge, capable of en-
. coding ‘more high-frequency inférmation, will improve the sound quality .
' -only-if.the other c¢omponents are capable of handling the mformatxon,
but not otherw1se. Likewise, one mtght 1mprove,the speakers by mak- .

°mg them more accurate at high irequenc:es, but this will 1mprove ;

1
4 ’ \

v . *

lJ B. Carroll (in press) has used hi-fi imagery for a some- '

what different point, suggeating that an indicator of cognxtxve ability )
shows-the upper limit of language competence, which, in turn, indi- ’ ‘
|

|

cates the upper-limit of readxng ability.

Aruitoxt provided by Eic:
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_rthe speed -of the operating system (as in speaker damping).

: ‘-.-strategie's and purposes.
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the sound quality only within the hmxts of the cartridge. Changmg one

component affects the functional characterxstxcs of another component
.by- afgectmg the quality-of the -signal or, m some cases; by affectmg 7

'I‘hus, the
sxtuatxon in both reading and hi-fi. is one of structural mdependénce but
~functxona1 1nte rdependence. In particular, components of readxng may
sometxmes be testable only in situations oytsxde -of "naturai" readmg,

just as for some tests one;must take an amplifier ‘to -the repal.rman}
whxle -the rest of the system is left at home. 0 9“'

- / L o - 'a
Wxthxn the constraints of Assumption-1, readxj

>

As sumptxon 2.

is- hxghll flexxble. We-agree thh Gibson and Levin (1975) that- an _analy-

- sis of readxng process components, even allowing for thexr mterdepend-

ence, does-not comprise a complete descrxptxon of skilled :re&dmg.
This flexibility-is-sometimes difficult to descrxhe because’it involves-

|
This difficulty affects only the theoretlcal

) status ﬁi readxng flexibility, not its practxcal 1mportance.

Assumptxon 3. 'I'he relatxonshxp between skilled readxng and be—

N

1,
gxnnxng z:eadxng 1nstruct10n is not straxghtforwar‘d This 15 merely a

A
partxcular manxfest‘atxon of the more general principle that a theory of
instruction is not identxcal to a theory of competence, nor is ‘one neces-
.sarily a subset-of the other. At the same time, a theory of performance
- .

\x;hich can inodel both skilled and unskilled readers is li“kely to be a use-

.

-~

ful subgoal.in efforts toward a theory of instruction.

.

We Wlll return to thxs assumption in the fxnal sectxon. Now we
turn to a- sketch o( skllled reading processes that stresses the impor-
‘tance of rapid autom txc decoding and its effects on comprehens:on.
Assumptions 1 and 2 are particularly relevant to the dxscuss;on below
since we are speakxng there of a hmltatxon on the human mformatxon- .
processing system as a whole--inadequate proresslng capacity. While

there are-many" ways -in.which capacity can be increased or decreased,

..
. .

N ‘g .

.
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- The 'Bottleneck:in 'Comprehens’ion‘w

we. will argue- that in readmg, capacity limitations are- largely the

result of propertxes of the decoding process.

p . . " N

. -+ .

P ‘@ ~\ P - ,

'I’he capacxty for reading comprehensxbn is limited.by momentary

e -

data- handlmg requirements. Working memory is thus a potential
thottléneck" in reading comprehensxon. Workmg memory is part;cu—

larly-taxed if it must keep tra;:k of partlal solutions for heuristic-proc-

esses that "home in on" decxs:ons in an iterative manner. On:the othét

hand, if some of-the c\mponenfs of the reading: process are ballistic,.
(i. e., not> fequiring attention once they are initjated), there will be
less working memory congestion. In our view, skilled reading. does °
-not ?f{‘?l}’ a larger working memory. capacity but, rather, a more:e/ffec—

\

tive use this capacity. RN

.

There are several candidates for components in reading that,
“when not fully developed, could increase the working-memecry bottle—
neck.Q We v.:xl] mentxon th’ree: access to long-term memory, automa-
tion of decoding, and efficiency of reading strategies. The first candi-
date is tied to the structure and content of the reader's knowledge.

.

Small vocabularies lead ta low comprehens;on and, presumably, so do

-

- under- practxced vocabulanes or those with low~ 1nterconnectedne§s
among concepts. One hypothesxs is that 1mprovxng rapid access to
word meanings- and\pnor conceptual structures is a means of rehevmg
the bottleneck. Knowing the exact me anmg of a word prew;ents the cog-
nitive load that would otherwise result from having to fxgure out its

meaning from context. It makes comprehensxon ;'nore of a recognition

‘task and less of a problem-solving task. B

. / -
_ The second, related candidate is speed and automation of decod-
” a1

- mg‘. When print taps automatically to phonologically referenced words,

the-decoding requires no momtonng and hence, does not waste limited

working memory. Thisis a good example of two conceptually mdependent /

v
Y4
s
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. compOnents that are functiorally intertwined. Bc.ause d oding leads )
b( ‘-uJ "

: ~to meaning, affecting the efficiency of print decod1ng affects the effi-

v < .*"clency of - meanxng access. ° A - b
l . . )
The third-candidate-is processmg strategxes, partxcularly those

3

/ " that. take advantage of language structure. Skilled readers mxght ac-
quxr‘e and use segmentatxon and organizing strategies that 1ess skxlled’
readers lack. One example of thxs hypothesis is that skilled readers
use sentence and clause boundarxes to segment the flo{v of print as well
-as the flow of. speech A second ‘example is that more knowledge,of
gr.ammatxcal and semantic constraxnts 1.s at:qm.red and used By skilled
readers:than by less skxlled readers. ’l‘hxs, too, has "the effect of re-
lxevmg the tottleneck. Any information- handlxng procedure that axds
in'grouping 1anguage units accurately has this effect because it is both ’
a form of chun}ung and a means of more rapidly converging on a cor=

rect-sentence parse. .

. .Language, organizing processes of this, ‘ort are patently important

cin readmg processes. However, there may- be some reasons to doubt 3
. ,whether(they are gritical sources of reading skill differences beyond

._their dependency on ra'pid verbal coding. Elsewhere (Perfetti & Lesgold, ’
in press), we discuss these reasons in some detail. In the remainder

of this paper, we prefer to focus on coding operations as they felate to

reading skill and the comprehension bottleneck.

3 i " Coding and Comprehension

v oo

= *

There are a number of important issucs in reading and reading
\ .
instruction that are related to coding. The starting point is that single-

wor&“ decoding and reading comprehension skill are highly related for
o+

-children who have already learned decodmg For example, Shankwexle.

i

-and Liberman (1972) found fhat reading words m isolation prediéted: stic-
cess.in reading connected discourse; and Calfee, Venezky, and Chapman

" (1969) found that accuracy in pronunciation of pseudowords was related

. N
.
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to '.rea.ding skill, Thus, measures of word decoding accuracy are
related to measures of comprehensxon. Still, teachers of reading. say
-that- there are children who can read all single words on the Wide

Range Achxevement Test, but who fail to comprehend sentences and

-passages. It is possxble that something more than decodmg accuracy
“is involved. However, before we-conclude that this somethmg else is

not-a eoding process, consider again the bottleneck problem.

The relationship befween coding and comprehension is one of

N shanng processmg resources., It is possible tha't observed deficiencie

=4 .

in reading comprehensxon are partly due to unobserved differences in
t_l_ie;extent*to which decoding uses an excessive share of the resources.
‘Measuring accuracy of word identification will not necessarily uncover

- N
this excessive-dependence of decoding on conscious decision making.

Measuring speed of word identification may.,

. -

‘In a senes of studies, Perfetti and Hogaboam (1975 Note 1)
have found large, consistent differences between skilled and less

skilled réaders in the third through fifth grades of measures of codmg

speed. Table 1 shows the basic relationship. p
. ] ) . . : 4
~ b ; Ve
: .. Table 1 .
Me-n Vocealization Latencies {in sec) for Skilled and Less S/kiiled Readers
° N N ,
.o "' Highs * Low
I Frequency Freauency ., ®
.. Groups ) Words ) Words ’  Pseudowords
Grade3 ., . . ’ )
1 .
High skill - 95 1.30 1.59
] . .
Y Low skill AL ’ 2.38 ) 2,72
/
* Grade § -
High skill 1.08 ' 145 1.48
Low skill 1.25 248 2.1
. Note. Forreal words, dala are only for words thgt subjects got correct on a vocabulary test

(Dala are based on Perfetti,and Hogaboam 1975.)

ERIC.* g

vl R PR RO s $ e

S

-

i
l
.‘




B A Fuirmext provided by R

. /’L

] . The d‘eco'dil:xg speed measure was vocafization iatency, the time
~taken to begm vocahzmg single.words dxsplayed in normal type on a
“slide. pro_)ector. The groups were divided by scores on the reading
_comprehensxon sectxon of -the Metropohta Achievement Tests (MAT\)
Not all of- “the. letter strings seen by subje cts were real wo%‘cgls. When'

_nonwords thh acceptable Enghsh spelhng patterns (pseudowords) were

A ©

used, the speed differences between skx]]'led and less sk}lled readers
increased. This.is an.impo/r,ta{t fact because it argues Xgainst the

‘hypothesis.that decoding speed difierenxfis were due to di

¢

(ﬁ:entxal
reading éxperience with the particular F&(fs"-’testcd. This blothesis
s probably true that a killed

is.otherwise very pl\ausible because it

reader, as measured by a ccmprehengion test, has had more reqding

s »

enperience and a better chance to develop "holi tic" word recognition

i
Acapabxhty, Instead the. Peifetti-Hogaboam data \xmply the iiportansge
\
oi subword compOnents of the coding process.
« \‘ -

In a more recent expex;iment ( erfetti & Hogabbam, Note 2),
the "wordness" ia{:tor is again clearly seen, along with the effect of
syll:«;.ble length In\this experii'nent, entire third- andf lirth-grade

populatxon were tested in single-word vocalization. idian split

on compreh nsion measures (based on readmg subtests of
Llstemng Rea ing berxes) produced two skxll levels that wer
pared ior vecaligation speed Word strings were exther real
or pseudowords and were ext er one syllable or two syxlables.
were presented in blocks oi trials so that any dxfierences in respgnse

¢

stimulus.. The results are shown in Figure 1. £
< % A

Regardless of grade lgvel, the less killed readers were slowel:\

» time could not be attrwed to séme orxentatxon reaction to a chanfing

-

than the skilled readers. In addition, there were significant inter-
N

- ski \\ed veaders, for either an extraillabl\e or for a pseudoword,

ctm\ns of stimulus type and syliable length with reading skill., There .
ﬁ a} reater cost for the less sk;l\led readers, compared with the / ) \\

e
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. In particular, ,pseudowords took nearly twice as long as real words £or
2 ’ 1ess*skilled~readers_ (an extra‘l,aoo msec), compared with 40% extra
S time for skilled reqfiers (an extra 400 msec). The cost of asecond
_‘ syllable was a;cm 809 msec (50% increase) for less skilled readers,

compared with about 300 msec (about 30% increase) for skilled readers.

These data support the earlier résults of Perfett1 and Hogaboam (1975)

_in suggesting. a basic codmg difference involving units smaller than /

words, They go further in suggesting that 3 syllable- -at-a-time process . ,,//A-
E is more characterxstxc of the less skilled readers than of the skxlled /

readers. The locus of the syllable and stimulus type interaction, of
course, could be at the responding stages rather than at one of the

recognition stages.

Experiments underway in a word search éask could help clarify
. whether syllable interactions occur in decoding or response.stages.
, For now, ‘it is at least possible to suggest that not all of the difference '
‘ is a matter of response ;;rogrammxng. 'I'his is so because the di{-
ferences,betWeen decoding speeds for smgle syllable stimuli are not
i/‘/confxned to measures requiring vocalization. Perfetti and Hogaboam
(Note 2_) found group dxff%‘*ences in a task in Which two strings of iet-
ters were displayed and subjects were required to say whether the 4
strmgs were the ''same. " Decisions were faster for skilled redders,
. although the differences were not as large as in the vocalization task, ,
. 'suggesting that both decoding stage and response stage differences

are involved in that latter task. y « ot

»
Codine and Comprehension: Cause and Effect

The empirical phenomenon.geems well established: Coding "peed :
and reading achievement are hxghly related for young readersﬁg‘lhat
causes what is another issue, and there are plausible arguments both e

for what we call the bottleneck hypothesis and for what we call the by-

product"hirpo'the sis. i

: “ . * T

ERIC. - i1
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-sion work.

The by-pr’oduct hypothesis claims that measured comprehensibn
(e.g., a reading test score on the MAT) taps a wide range of knowlecfgg
and skills, ihcluding word recognition, at something other than-the level
implied so far. According to this hypothesis, recognizing a word need
not involve its-sound, b\;t only its meaning, Further, but less critical,
recogmtmn of word meanings 1s contextual in skilled reading. Mea.s-
ures of .isolated word recognition, whether mvolvmg phonological-codés
or.not, are irrelevant. However, a correlation will be observed with
re::xéi.ng skill just because skilled readers are practiced readers, and
the same reading beh.zviors that lead.to high comprchension scores
produce iacxlxty in word recognition and attxculatzon as a by- product.

A variation is that good readers happen tD read a lot and that thxs in '

turn produced decoding facility.

In contrast, the bottleneck hypothesis claxms that being fast at
decodmg leads to high comprehensxon. The essential processing
assumption is that single'word coding ope¢rations ar_s a critical part
of reading, even when control of the reading process flows ix-_om higher
level pragmatic and inferential processé€s rather than from stimulus
components (see Frcdenksen, in press). 'I‘hese toding operatlons
may share the, hmxted capacity processor to varymg degrees with '

other comprehension work, for example, memory for just-read ‘seg-

_‘ments, parsing strategig\s for text, memory for discourse topics, and

so on. Fastdecoding is more automatic, in the sense of LaBerge and

Samuels (1974), and it leaves more resources for fancier compreﬁqu

s -

’
yx

The weak form ot this hypothesis does not require that the ¢oding
operatmns include a ''phonetic recoding.' It merely a;sumes that phc;-
nehc processes, which are necessarily involved in some smgle -word
decoding tasks, are a subtractable part of the total process for the

skilled reader. The strong form of the hypothesis does assume that

scme phonological representation of a letter ssrin'g is accessed in .
- © - .

L : :

. . 10

©
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skilled reading. It does not assume access to any articulatory com-
. ¢

ponent, covert or otherwise. . el °

-~

LI -

We wxll return to phonetxc 1ecodxng in a later section of this
. b

paper. For now,-.tlw—pemt is that there are two plausible accounts of

.the'close relationship between de.oding speed and readxng comprehen-
sion skill. No ev 1dnnce is known to-us that du-ectly supports one hy-
‘nothesis-over the other. However, one cntxcal test seems possxble.

. Tag bottleneck hypothesxs will be confu-med if it can be sl;own thdt
1ndependent1y increasing decoding speed improves compréhensxon.
Thxs seems- a\ clear and testable consequence of the bottleneck bypothe-
sis.. Unfortunatelf the opposite predxctxorr, i.e., that independently

_ improving comprehensxon will increase decodxng speed, seems untest-

ta.

able and so, in general, does the by-product hypothesis. -

-
s
-

Coding at Higher Levels of Skill

>

The results reported above apply to children who are beyond

beginning reading but still in elementary grades and who range in age e

from8 to 11 years. Although ougx: emphasis is purposely on this leel

*

of reading development, a comment on higher levels of skill is in order. '

Hunt and his associates (1976; Hunt, Frost, & Lunneb'org, 1973) have
discoveced a number of differences in college students' performances
of basic information- processing tasks. Some of these differences are
related to verbal aptitude- levels measured by colxege aptitude tests.

For example, differences in continuous paired associate performance
Jc:n:i in name matching for letters (Posner & Mitchell, 1967) were fo‘und f
to be related to colleg.e verbal, aptitude (Hunt et al., 1973). Analogous

differences might b:a expected to relate to more specific measures of
reading- skill at the colle e level. Rapid data handling, which Hunt et
al. suggest is one of the criticz{l factors clistinguis.leng high and lo.w -

~

tiverbals, " would scem to,be particularly important in reading.

Aruitoxt provided by Eic:
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- The data that we have collected sugéest that the relationship

between coding facility and readiny skill is mofe subtle in =2dult

L

readers. " An-unpublished stlfdy. by Perfetti and Strau%‘i'n\’estiggted
the interference of .overt decoding on sho:t-terrjq‘m}mb_ry perform- .
ance. The'task required subjects to read five diglits: for .lag,er recall _
and’then to perform an inte‘rpolated naming tasfc during a r?—:'tenti;n.
“interval of unoredwtable duration {3, 6, o" 12 sec) The interpolated
naming task req\.u-ed oral readmg of a dxsplay of Eths'h \f'ords, a
_display of pseudowords, or a display of pictures of common objects.
‘Thus, all three tasks hz_fa a\.’vocahzatxon component, but only two had a

Y

print decoding component. -

r - One result was that reauingipseudowords intgi-f?:Are.d most withm
digit memory, while reading English words and pictures were aboeut -
equal. Thus, for skilled adults, decoding words ma:y interfere with
memory no.more than flecé'dipg pictures. This was tru_e'foQoth the
higker skill group and ‘the lower skill group, wht‘a're the groups were )

separated by Davis Readi-ﬁ'g Test scores. Howéver, higher skilled

IS

v

>

.

readers did less well than lower shlled readers at the 3-sec interval,

— equally well at 6 sec, ¢, and better than lower sk1lled at 12 sec, A pos-

'sible explanation of these data is that at adult skxll levels? decoding
differences are small enough that their effects are seen or;ly when
other processing demands are high, as they'are when a digitu;.tring
has to be retained during! 1Z sec of decodmg. _However, the lack of *
an overall effect in COnJunctxon ‘with the mteractxon may suggest a

strategy difference rather than a stmple decodmg difference.

4

-A second relevant study is by Lesgold and Danner (1976), who
investigated tachistoscopic, ref:ogn'it'ioﬂ of l'e’ttf_rs, number', -and tri-
‘grax,ns.?/(easures we\re taken 9ver three stii'nulus availability con-
dirions anging from 50 to 125 msec between stimulus and mask on-
.sets. While this study had ather, purposes, the relevant data for this

discussign are that higher skilled and lower skilled collegc students,
¢ 1

»
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:defined by ﬁ;vis_ Reading Test s)f:or_es, s_how.;/ed no differences in
o TS Fd

.

_ -acenracy or speed of report, either as main effects or in interaction
with-stimulus type, However, there may well be im’portant coding
-speed differences that persist through skilled adult reading that can '

be revealed by measures more. sensitive to specific coding operations.

-

; One possibility in th}s regard is suggested by a study by Jackson
‘and ‘McCleliand (1975). For college students separated on comprehension-
corrected reading speed, Jackson and McClelland found that single-letter
vigha;‘thre;holds were not related to reading skill. Nor was perform-
ance on'p;iirs of letters presented for 200 msec_separ‘ated by up to 5‘. 9°
" of visual angle. What was related to reaging skill was report of 5-word
sentencespresené_ed for :ZOC msec and report of 8 unrelated letters pre-
. sented:for 't}-iis same brief duration. Thus, there is evidence from
Jacksomnr and McClelland (see also Gilbert, 1959) that skilled readers
) can report more information from a bnef exposure, but no evidence
‘that this difference is operatmg at. meievel of visual detection. Fur-
tner:more, the d: ffcrence between groups on- sentence "percephon

not eliminated by a forced-choice procedure in whxch there is only a

smgle—lctter difference between two se: semantically ind §yntactically
This
last fact argues against the possibility that skilled reading is a matter

<

acceptable alternatives (e.g., Kevm (fired, hired) a new worker).

’ of s'uperim: guessing, and the fact that differences are found for groups
of - unrelated letters suggests that somethmg more basxc than use-of lin-

- guistic structure is involved.

We take the data of Jackson and McClelland (1975) to suggest
that differences between adult readers will be ‘found just when the
t,ask demands the reader to process a segment of text- -either a bunch
‘of' letters or a phrase--very rapidly, When demands on processing,
are..,iight, there will be no.differences. By comparison with Jackson
and McClelland, the Lesgold and Danner (197€) experiment may involve

lower processing demands in general, and the Perfetti and Straub
- . e
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expériment may make differential processing demands only at long

intervals {or.perhaps not at all).

Coding and Meaning Access

=

. . The usual purpose of reading, as someone always reminds us,
is-to obtainthot sound, but meaning from print. Coding tasks such as
we—-haye been discussing are not particularly intéresting from this
point of view, However, in terms of the bettleneck hypothesis, two
vdistin’ct’possibilities‘ for the effects of coding in%com;;rehension are

implied: Ore possibility is that the speed of access to phonological

information affects comprehension, and the othfer is that semantic

access ‘speed at"fects comprehension. Seinantic access may often -

require phonological decoding (i. e. Esemantic information is-,access‘i-

ble through a phOnologicallir indexed lexical enftry), but in principle it "
-4 ~ need not. We will ignore the phS‘ﬁolochal que;stion and simply €onsider

two levels of coding, referred tg as phonological decoding and semantic

- decodmg for convenience. The first question'we-consider is whether
semantic decoding comes automatically with phonologxcal decoding.
_ The. second is whether it does for skilled readers but not for less

sKilledreaders.- Wetha\ve : .already shown that phonologxcal decoding is

e e -

“ more work for less skilled readers. ‘The question now is: Are they =i

doubly dxsadvantaged by slower semantic decoding?

An experiment carried out by Perfetti, Hogaboam, and Bell is
relevant to this issue, and the data are presented here. Single words »
or pictures were presented to 8- and 10-year-old subjects se;;arated Y
by reading comprehension scores.. In one task, the subject had to
_decide whether a given stimulus matched an oragéy presented target.
For example, just after the experimenter said, '‘rabbit, " 3 slide would
be shown containing a word (in one condition) or a pxctux:e (in a second

- condition). ' Blocks of eight trials involved the Same target, and the
ek

subject responded with a button press according to whether the visual

(. ‘

¢
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semantxc mterference could be involved in this task.

logical decoding measure.

takes to-decide.that a picture of a-dog is- /dawg/.

. - The other task was categorization. A target semantic

v'v'as announced" (e.g’. ’ "Anifnals") prior to a block of trials,

. tion qf-fa salient superordinate semantic category.
. 2

.meaning ""comas free" with phonological decoding, it should

k1nd of superordinate information.

. r -

. Table 2
Matching and Categorization Times {in msec) for Fourth-Grade Subjects

1 [

were in- semantxc categories different from the target and, thus, no
The time * :
takes to dec1de that dOg is /dawg/ is perl?aps the prototype phono-

_This can be compared with the time it

matchmg task,. trials were blocks of pictures or -words. We thus have

" a measiure -of :semantic decoding speed: the time to ‘make.a venfu:a-

Table 2 shows a summary of the-

results for "'same' judgments on the two tasks for the 10-year-olds. ol

stxmulus matched the oral stimulus. Nontarget stimuli in this- task

category

As in the

If any aspect of

be this

JE
o F e

————

Pictures
e

£

* Words ’

Matching Task

3 s

W
" 833 -

Low }eading skill 831 .

High réading skill
- ”

883"
838

f : Categorization Task

. Low readingskill ‘875

High reading skill T 772 ‘

1095 ¢
939
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' For purposes of the present discussion, the results sugge’st that '
less sk1lled readers are not-different from sk111ed readerq in picture . ’ §
Lo ‘matching- and only 45 msec slower (not significant) in ‘word matching.

Hc;wever, in.word categorization, less skilled readers are 156 msec ‘

slower. In-fact, less skilled readers were 103 msec slower in-picture

N
4
|

.|

categorization, Thus, ‘the. difference in semantic judgment time

) epi)eren:tI;* does not depend on whether the s‘ti}nulus is a word. How-
ever, this does not mean that semantic processing is free of Aph'onoA- - .
logica14<':'6ding operations. Indeed, Kleiman's work '(,19"75;' §ee'below")
suggests. otherwise,. Our interpretation of this experiment ‘i$~t'h>at ) ‘
low‘ér'leirel feature xﬁatching is adequate in the less skilled reéder, ’
but that retneval of semantic information assnciated with a word or t |

. 2
1o picture name is slower. In this sense, useful semantxc decoding

v

may not automahcally accompary lower order decoding for less sk1lled

e

readers.. ) . - ot

~ ’ - N

v 5 « . N ‘
o . ¢

3
: Our-conclusion here must be very tentative. However, we can y . :
suggest posmble clar1£1cat1on of the coding pro:sss 1mphcated by the T
- bottleneck hypothesis. Phonological decodmg is slower in less skilled 7
‘ readers and so is the use of semantic information, The decodmg diffi-
culty is perhaps not so much due to word recognition as it is to woérd
ta retrieval, This, at least, is 1mphed by the fact that dxfferences due
to reading skill are larger when chxldren have to vocahze a wor,d

v - \

(which mcludes name retrieval) than when they hear that word pnor

= . *
. + - v :

. One of the complexities of these data is that the categorization
time of less skilled readers greatly benefited from having the ‘matching
. task precede-the categorization, task. In fact, only when the categori-
T zation.task came first was the difference between high- and low-gkill
o readers statistically significant; This would seem to suggest that the
differences are in the processes of either retnévmg or using conceptual
features. After the name itself has peen accessed (matching task), the
- subsequent use of anformation stored with the name is facilitated. .

- .
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to its appearance in prmt and are requ1red to ‘make only a same/

~différent _lu_clgm‘ent.

. . ’ N . . A

. 3

The slower semantic processing of the less skilled reader may
be. of greater practical significarice.; This is so because not everyone

A agrees that phonological decoding is-involved i'n:sk.illed reading.. We

.know of no controversy concermng the-importance of. meamng. We
d emphasize. thdugh that we are not dealing here with the simple que stion
of word knowledge. Rather, we are dealing with th,e more subtle ques- -

trog o%rapxd access, retrieval, and use of word meaning information.

A . - N )
There are data which can be interpreted as being at odds with

the foregoing account. .Golinkoii and Rosinski (1976) presented a pic-

! ture-naming task to third- and fifth-grade children classifiable as
.skilled and léss skllled readers. Picture naming is s'ubj.ect toa
semantic f’ingeriererrce effect, \_tjla,r is,, @he time to name picl:ures is
lor_lgg;;{ when'words from the same semantic category are printed on
the .éit':tux:es (Rosinski, Golinkoff & Kukish, 1975). (For example,
the- word.cow is prmted on a’ picture of a pig.) However, skxlled
readers showed an effect n~t‘> larger than léss skilled readers. Com-
pax:ed w1th the contro,l condxtxon in which the printed word did not con-
tradict the pxcture,/éoth skilled and less skilled readers were slowed
down by.the sema tic interference condijtion. Golmkoii and Rosinski
(1976),concluded/Zxat the relevant semantic mformatxon comes auto-
matxcally, or at least compellmz._,ly, with a word stimulus. 'I‘he data
presented her /on cateborxzatxon do not necessﬁenly contradict this;
but they do subbest a somewhat different mterpretatxon. In the seman-

:txc interfergace.situation, meaning is mcxdental to the nammg task.
Provxded‘that the words are very iamxlx‘.r, enou;,h semantxc mformatxon
to tnterfere with naminy pxctures is automatically retrxeved although
perhaps not for ybunger less skilled readers (Ehri, 1976, Pace &
Golinkoff, Note 3» This low-level seman.tic information retrie’v:al;
may typically occur when a reader sees a word, but when the reader

s
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[ has tq;uge-the word's meaning_, there are differences in the speed.of

gemantic use:

1

Suxiiﬁ;ary: ."f'he Primacy-of-Coding Principle

In summary to this point, we~have presented'a view of skilled

. rea.dmg whxch ar'n‘x/es for dependenc:es of comprehensxon on both auto-
matic" phonologxca;decodmg and semantic decoding. The evidence.in

’éupport of - thxs view 1s unfortunately still indirect, but it is, in principle,
ipossible to proyhi:gg; mo;:-_‘e direct evidence, Meanwhxle, we offer the '
;Srinciple of ;the primacy’~of coding as a necessary p‘art of a more com-

plete model of .skilled reading. We turn now to some related issues

tha.t are relevant for our argument.

Some. Classical Issues in Reading

There are many issues, both in the psychology of reading and in

_‘readmg xnstructxon, that predate modern cognitive psychology. Dis-

o~
- »
’

\. agreement about some of these remains sufficiently widespread to N

. "warrant further résearch. We will discuss two of these Lssues that’
. are of most direct concern to our ‘primacy - -of -coding prmcxple. phono-
logical compOnents/pf r.eadmg and the 1mphcatxons of a- codmg empha-

- 818 for reﬂdmg mstructxon.

Phd ne’tic Reco’d ing

The phr,ase phonetic recoding captires the classical flavor of

the first issue., Is meaning obtained from prmt without recodmg the
prmt into some speech like code? The sxdes of the argument are
‘uirect visual ‘access versus necessary phonet;o recoding. There is a
weak form and a strong form of each theory, so the dichotomy tends
. to break down: We would rephrase the issue as: What is the extent

- of phonologxcal mvolvement m skilled readmg? For example,

Goodman's (1970) theory of readmg favors visual access in general,
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and Gibson and Levin's (1975) theory

l_ogxcalnrepresentatxon of the word: oy

requires it at least some of the

tithe, as'would Kolers' (1970) theory\
Y\ {
It seems quxte sensxble to believe, that skilled sxlent reading
\
does not. engage much overt speech behavior. For one thing, as

»

Kolers- (l970) has poxnted out, text can’ be\ read faster than it can be

spoken. And-here is where a bas;c clarification can be made: A

) theory of skilled reading that includes complete (even if sxlent) spee?
tly

recoding-is mcorrect. However, a theory \m whxch 2 partxal and va

.

shortened reference to phonetic features of words is posited ‘n t

still:be-¢érrect.  Another perspective is to say that access of word

,x*éanings in long-term memory requires or is facxlxtated by the phono-

/

What evxdence is there for direct access, that>15 byg)assmg the
phonologxcal representatxon"‘ We will n t review all the evxdence but’
;we can mention some of the : ore impor nt and/or most cxted results.
Recently, .Barron (Note 4) argued for thei.lirect visual access hypothe-
sis_and cxted several lxnes of evidence for \t (see also Bradshaw, l975)

We will examine some of the studies cxted’by Barron in support of/the

’ dxrect access hypothesis for the purpose of questxomng how str/Ongly

they support it.. Sinck Barron cknowledged tnat much of the data is
open to other xnterpretatxon, we include only what he c0nsxdered to be

the clearest data for the dxrect access hypothesis, narpel,y, data on

lexical decision tasks and semantic judgment tasks. ',/ i
¢ \

S o e s : .
Lexical decision. In a lexical decision task, a subject decides

whether a string of Tetters is or is not a real word. Thus, the px\'oc%-
N L
esses involve access to internal word representation and, hence, are
potentially relevant for the issue of phonological versus visual entry

intg lexical/memory.

There are data that appear to support phonological access in

decision tasks for single words (Rubenstein, Lewis, & Rubenstein,
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L971§ and for pairs of words (Meyer, Schvaneveldt & Ruddy, 1974).
For example, Meyer et al, presented subjects with paxrs of words

that: were- graphemlcally identical after the 1n1txal letter, but ‘Whose

; VOWels were phonemxcally distinct, for example, (.OUCH and TOUCH:
. These were compared vuth words havmg both graphemxc correspond-
ence-and- phonemxc su"ularxty in the vcwel, for examiple, BRIBE and

TRIBE 'I'he résults were. that pairs like COUCH- TOUC:I requxred

- more txme to verify as real words than did paxrs like BRIBE-TRIBE.

Why" Because ioroBRIBE TRIBE phonological features activated in
the- de ision process for th. first word were available and useful ior ’

the se ond.word ‘In the COUCH TOUCH case, the activated phonetxc

ieature for COUCH were less usezul perhaps 1nterierzng/,/ 3;/ﬂxe

"econd ecxsxon on TOUCH. If mformap.on su.fixcxer}t iorl/e —1cal deci-

. sions-co ld be- vxsual then the‘\e two:cases should ‘take equal txme, .

and they 1d not. Moreover, one 1nterpretatm/oi the, v:.sual access
v

hypothesxs\gvould pred;ct an advantage for / )Iemxcally similar
r

pairs like OUCH TOUCH over nonsmn pairs, - for example,

COUCH BRFAK, but such was not th resul(oi the Meyer-et al.‘ '

\
. experxment. Meyer et al. were quxte cautxous about their results,

/
-suggesting correctly that the occurrence ‘of a phonemxc eiiect bu” not

a visual eifect could be due,to a processxng strategy applicable to

lexical decision tasks but/not to other reading.

There are two . Jexical decision experime‘nts, however, which

unhke Meyer et al. (1974), are ciled to support the visual access

hypothes;s. Forster and Chambers (1973) gave subjects both namxng

~

and lexical: decxsxon tasks on the same set of words and pronounce-
able nonwords (pseudowords). ’I‘hey found that vocalization latency "
e

‘(naming/time) was less for real words than ior pseudowords, and -

they found a frequengy eiiect for real.words. ~urther, they found

that namtng~t1me and lexical decision time were correlated for words

According to Barron (Note 4), these two

but n‘ot ‘for pseudowords.
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\
v y
\

. the three stimulus types. And there was no naming-decision time cor- o
\

results indicate that naming occurs aftr lexital meaning access be-
cause otherwise there would be no naming spee differences among
e T O \ . \
-relation for rse dowords,because naming, time reil cts time to ‘'decode, "
4
.wlule lexical de ision txme reflects time 10 find out that 2 letter string
\

does. not—have a lexical entry. This line oi argument is problematic,

however, because the judgment task is to s\ay yes {or words dnd ho for

pseudowords. To find a correlation for words but not for pseudowords
’ 3
is ¢o find a correlation for a yes response b\}t not for a2 no. Why would \

. the phonetic recodmg hypothesis predict anythmg else” It assumes {

that skxlled readers can apply decoding rules and vocalize well- formed

letter strmgs. It has nothing to say about how long it takes to decxde -
. that a letter string is not a word, However, the phonetic recoding, ‘ L
‘hypothesis-does predict the positive correlation between naming’ §f)eed

and lexi‘cal decision time for words, which is what Forster and Cham-

bers (1973) found. This experiment then is cor;sis__gent with both our -

position and ‘Barron's.

iy

- Another -experiment cxted as evidence for direct access is Nov;k'
(1974) demonstrat;on that in a 1ex1ca1 decision task, rejection of non-
meamngiul trigrams was iaster than rejection of meaningful tngrams
like JFK or LSD. Such differences might merely reflect extra check-
ing time after a preliminary screening in ‘which JFK and LSD are found
to be famil;ar enough to merit further processing (as in the Atkinson & -
Juold, 1973 decision model) They presént-no evidence for :ii;:ect :

_vxsual-access to complete semantic Tepresentations. <

Sernantic judgment. There(are two different types of data'based

on seman.,ic j{xdgn\&ents that sui)port direct visual access, according to .
Barron (Note 4) In the expenment by Meyer and Ruddy (Note 5), sub-
jects were given semantxc categories ("Is a kind of iruxt") followed by
words. Time to decide “whether a word belonged to the category was

measured. Consistent with a phonological access hypothesis, it took .

- 21 .
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lon'ger to decide that a word liké PAIR was not a fruit than to decide
\ﬂ';a‘t a word like TAIL was not a fruit. Presumably, this effect.is due

oa reduced abxlx"y to reject pa ir because of its phoneti¢ connection

Tn.th pe r.

However,, the visual access hypothesis ap;;—ears to be supported .
m‘data from a-second task in which sub_;ects were required to respond

thh zes to words that sounded like a category member. Thus, both
PEAR and. PAIR qualify for yes, TAIL for no. The critical result is

iog TAIL, whlch should be equally quxckly re_)ected in both tasks that
15? it neither looks like nor sounds like any member of the frmt cate-
/ gory. However, TAIL'was rejected more rapidly in Ehe ixrst task,
' where only category 1nstances were targets, than in the second where
category mstances and thexr sound-alikes were targets. This result,
) accordmg to Barron, supports the vrsual access hypothesis because '
"direct visual' access operates in the first task leading to a faster rejec-
tion ;f TAIL thar. in the second task, which takes more time because
of phonemic.recoding. Also important'i.s the result that PEAR was
faster than w in the sound-alike task, thus implicating visual

access. Barron-assumes that the phonemic model predicts equal

latencies for PEAR and PAIR on the assumpuion that thei/ have identi-

— . cal phonemic representations. However, these experimental predic-
‘ tions should not_be attributed to a serious phonological coding hypothe-
sis. A’'sérious phonological coding hypothesis does not claim that
) orthograpi:ic and graphemic information are not used. Obviously,
visual inférmation is the starting point in the process of phonological
codifig. ’
PAIR takes lopger than PEAR because the latter has a quicker
convergence of features relevant to the task ‘demands. PEAR 'looks"
like a fruit and sounds like a fruit. PAIR looks like something else.

If this is all that direct visual access means, then it.has to be true.

The longer rejection time for TAIL in the second experiment is also

.
7
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easy 1;0 ;:xﬁlain._ All rejection will take longer if rejections are defined
% by conjunctive cntena, that is, reject X if X is nov a fruxt and Ts not
. sounded like-the name of a fruit, The data do ‘not shed hght on the
phonemic recoding (s;‘ue.

L

" Thereis ‘at least one other'ftudy that can be taken as inforrmative
for this.question, and that is one by Baron {(1973). In one expdrim;nt,
. Baron-gave aduli readers a-sense-nonsense task mﬂuch txme to rej-ct
o % nonsense phrases {and accept meaningful phrases) was measured. Two
a -Kinds- of nonsense were of mte;est;’_;‘)hx\?..,es like (a) I am kill, and
phrases like (b) Its knot s0. Baron required pnonolqgizaL coding to
;.n:edict that (b) shoiﬁd require more time to reject than (a) because
(b) "sounds OK,™ and an extra analysxs is required to detect its'non-
N sens;calness. By contr%t the V‘Lsual access hypothes1s pred1cts no
difference because both phra:ses are rejectable on nonphonetic'bases.
. ‘\The.results wer& no d'{ffe‘;:ence, as predicted by visual access. How-
ev‘er, it must again be noted that the phonologxcal coding hypothesis
does not srequu'e that graphemxc information becomes useless just be-
cause phonological cgdmg occurs. Both graphemic mformatmn (as
~well as. other visual information) and phonological information have
roles.in accelss of the word or phrase re_:preseni:ations, which allow a

reader to judge meaning prdperties of a phrase.
in a second experiment, Baron's subjects had to decide whether
a word string "sounded as though it made sense. ' ‘Herethe ke$ result
ig that phrases like Its knot so took longer than phrases like Tie the

knot ana It's not so. This result was taken to support direct visual

access over phonetic recoding on the assumption that the phonetic

recoding hypothe;is predicts .o difference here. It's knot so and If's

B fot so both sound sensible; how'gGer, it is not clear that this is the R
bly agsume that any phrase that makes sense sounds like it makes .

sense, but that a phrase that does not make sefige may or may not

- S

most appropriéte assumption for such a task. Instead, one can plausi- ’




.

,aound sensible. The visual analysis of It's not so Icads to a sensible
confxguxatu.on of word meanings. Therefore, it must sound sensible.
t's.knot so leads- to nonsensx‘)lc confxgurg.txon of word meanings.
’I‘herefore, a second decxsxon proccss is cngagcd Does it sound like
it makes sense? The nonsense phrase;‘s mcasured decision time is

longer because it takcs an extra decxsmn process.

The experiments discussed in this section demonstrate fhe criti-
cal role of vxsual analysxs in reading tasks. Howev@r, they cannot be
used to build a strong case against phOnologxcal coding. They can rule
out-only the.possibility that phonologxcal coding erases graphemic and
orthographic information. We have labored over these experiments.
because they are fairly good experiments.and because they are taken
-as c\‘ridcnce"against phonetic recoding during reading. 3 We dre arguing

for a partial phonologicai coding process during skilled reading, and

we know of no evidence against accepting it.4

Other reading' tasks. Part.of the issue of phonological coding

versus visual access is thc rclevance of any single-word expenmental
tasks for real reading. ;. The questxon is most hkcly to be raxscd with

respect to the relevance of single-word cxpenments which may have

hd
N

~3More recently, Baron (in press) reported experiments which
suggest an important role for phonological processes in access to

meaning, even in conditions without severe mémory demands.

< .
Q

»

_ "We should comment on another, argument sometxmcs raised in
favor of direct visual aotess. Because certain languages like Chinese
use logographic writing, it is €laimed (e.g., Kolers, 1970; Barron,
Note 4) that phonological coding cannot be a general and necessary,part
of reading since logographs have scmantxc value rather *han phonetic
value. TIhis represents a confusion between coding process and the

. size of the coding unit. Alphabetic 1anguages allow coding to occur in
units smaller than the units having semantic value, that is, in units

* srnaller than words, Logographic languages also allow corresponding
_phonological coding {for native speakers, at least); they differ in not
'generally allow}mg symbol -sound correspondences.
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propernes that force phonolagical codma The implication is that
‘#  reading text might be quite another matter. . However, the tables can
,be t’urned on.this aggument, The bottleneck hypothesis is that com-

? preRension work shares resources with coding work, unless coding i§

i A

automatxc. But thxs Comprehensxon work has oiten been said to have

.
ﬁhonetxc prop'e\rtxes. It is here.that the sxlent mner vo;ce is heard.

In other words, whether or- not mdwxdual word eodxng is phonologxcally

*.

-

_essing makes heavy use of phonologxcal codes. ’T'hat is, the work of

rearrangmg and interrelating meamnbs mvolves phonological codes.

An(‘:'{penment by Kleiman (1975) is particularly informative on
thxs poxnt. The basic assumgtxon of Kieiman's expériment is that
overt dxgx{, 'sh:«;.d0wing (saying digits as they are heard) interferes with’
phcnetic coding. One can determine the phonological-in?/olveme&nt of
any reading task by noting the effect of concurrent digit shadovf'ing on
task;periormanc'e. _Inone of Kleiman's experiments, subj.cts were
req‘uired to search five-word sentences for ‘targets based on graﬁhemj.c
(vis.u,al), phonemi_c, or semantic categcries, with and without digit
sh::J.dOWing. The decisions were always made on visual displays, so if

- phonological coding was not advantageoue, as rit would not be with digit
.'&‘ shad0w1ng, vxs;:g,l processes could, in prmcxple, suffice.

- &
- N

Slgmilcant effects of shadowing were observed on a phonemic

‘decision task (e.g 7., to decide that a rhyme of cream is present in the

and category decxsxons are relatively unaffected. (A graphemic deci-
sion.is to decide, e.t,. , whether a word w1th the non-initial letters of
1

bury occurs 4in the sentence Yesterr'a.y the grand Jury adjourned. A

ca‘tegory;;lecxsxon 1s to decide, e.g., whethe;'/there is a word from the

ga;ne ca:tegOry in the sentence Everyone at homte played Monopoly. }

What these three tagks allihave in common is that the meamng of

the word string, leven though\)( complete sentence, can be xgnored.

- V- .

? ’
0 . .
lC ) e

.

sentence He awakened from the dream). Huwever, graphemic decisions

. reierenced, there 1s mdependent reason to beheve that cognitive proc- ’




A. word- by-Word aearch can go on, the data suggests, with little phono-

logxca.l codmg, except for the phonemxc targets where phonologwal

= codmg is requxred to-do the task. The mterestmg comnarxson is with

the effect.of shadowing on judgment of sentence acceptabxhty Here,

alﬁl{fivﬁ{ivords of the sentence must-be worked.-on more or- less simul-
taneously. The effect of dxgxt shadowing on this nerformance war
=

- sévere, at least equal to its effect on the phOnemxc task. The implica-

txon 1s- that phonologxcal recoding has occurred not on a word-by-word

basxs, but on groups of words or perhaps the whole sentence.

' Based .on these data and those from a.naiogoug decisions-- °*
phonemiic, graphemic, and semantic decisions--in a single-word pro-
eedure,._“l(le:xman (1975) concluded that direct visual access to meaning
is ‘pogsible one word at a time, but once even.a short sentence is in
mina,:bhonetic recoding has to take place. Althoughb it is open to ques-
tion whether digit shadowing is a complete inhibitor of phonetic coding,

this.study. seems to provide the least problematical evidence to date.

in g:xr opinion, it is most imgor;ant in showing that, as a practi-
c-al-rhatter, phonological recoding does take place Within the limits of
immediate coriprehension. We believe it is time to accept the cautious
principle that most comprehension, even in skilled reading, takes
place wiﬂirn a system that uses a 1a/ngu'age—speech code, net a visual-
“symbol code. Coding may be fairly abstr'act, as Gough (1972) has
ai‘gued and it certamly is abbreviated rather than complete, as Huey

(1908/196%} pointed ouf But, it i a phonologically referenced process

for normal readers under most conditions of reading.

We have emphasized the significance of rapid phonological and
semantic optimizing mental resources during reading. We acknowledge
certainly that the causal relation between codmg and comprehens;on has

not been firmly established. Furthermore, the degree of phonological

involvement 1n reading remains aq active scientific issue. What is

important for the present purpose is: (a) the strong -possibility that

o’ >~

* . 26 . -

ERIC . 28




fast word coding reflecting "automatic" decoding processes can facili-

. tate comprehension, and (b) the overwhelming plausibility that’reading

- i

-
.does,involve phonological .coding in many situations.

i

Implications for the Teaching of Reading

Although the exact causal connections between language coding

eiiicxency'and reading comprehension are not well estaﬁhsned, it xs
possible to explore some imolications of the strong relationship that
appears to be present. As sugnested above, it may be difficult to
prove the-direc&tion of causation. Indeed, the question of causal direc-
tion may not even be the most useful question to_ask. v
. ) ) ‘ ] . i -
Consider an analogy. Is a mountain climber's heart strong be-
) cause he. climb$ mountains, or is his success in climbing due partly
to being in good physxcal condition? In,this case, causality runs in
both du-ectxon.,--you cannot climb.without the stamma but the stamma
comes w1th exercise, only one variety of which is mcuntain climbing.
It would be silly to argue over whether physxcal stamina causes
mountain-climbing success or'vice versa. A more useful research
problém would ask which aspects of mountain climbing and other ,
activities provide the most effective stamina-building exercises, and

which aspects of mountain climbing are most dependent on physical

stamina:

Pushing our analogy iu\rtl{er, we note that only after certain
exercise pattqrr;s have been shown to produce both practical results
(ieeiliné better) and objectively meéasured results (e.g., lower pulse
rate) do people acce;;t that those patterns of activity are better than
others. Now that pulse rate and related measures are used both to

meter exercise and to judge its results, we are finally seeing an

emphasis on heart muscle development rather than on skeletal muscle

development. The importance of tying exercise to a measure with

theoretical, .empirical, and face validity should not be underestifnated.

’
v
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Let us note that cardiopulmonary functioning is not the sole cri-

terion of health. .If you haye cancer, running will not cure yow. How-

-

.ever, it is also true that a range of mental and physical problems,
N -whxch:oj:herw:se seem to have unrelated etiologies and exotic treat-
ments, 'wiil disappear with adequate exercise. Building up basic

- system functxons can result in the curing of disorders that otherwise ~

reqiire- specxalxzed treatment.
. ~

If 'v\'/efreplace mountain climbing with reading and stamina with
. language coding efficiency, our analogy is made. éeveralz useful ques-
tions—de‘rive from this analogy., They perhaps can help us determine
where to-go “next in studying the relationship between verbal codxng

- effxcxengy and reading achievement. We sha11 consider these problems

- ~ N

in turn: . .

-~ -

- l. What constitutes effective verbal coding practice?

.

2. How can we measure verbal coding efficiency?

3. Who should receive verbal coding practice, and what are
- -~ .

-

the implications of further €mphasis on the mechanics of reading?

Practice. We have ;J.rgl;ed that the verbal coding tasks, which
poor readers do not perform adequately, involve ckills that®are basic
to readmg. This suggests that soxne children need even more prnci
tice in word vocahzatxon, 1mmed1ate memory for text just read and
similar tasks than they currentl" recexve. There is some evxdence
(Perfettx & Hogaboam, Note l) that practxce will 1mprove verbal codmg
performance, at least in vocalxzatmn of unfamiliar words. There is
also more general evidence that priactu:e produces an increase in speed
for sxmple verbal learmnb tasks, even after a conventional learning

crxterxon has been achieved (Judd & Glaser, 1969). .

More extensive drill and practice may be hard to implement in
" some Classrooms. However, there are wa'ys of doing so. One possi-

. bility is computer-assisted drill and practice- -individualized to match

L _ 28 ' -
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- currgnt coding levels. Alternatively, more natural readlng sitwations
could ‘be created that still provide extensxve verbal coding practice.
(The- DISTAR program [Ba:tlett, m press Popp, in press] and the
New Readmg System [Beck, in oress] do a lot of this.) We consider

‘these alterhatxves in turn. . : ’ .

<

.

R
N

Computer-a,ssnsted mstructxon (CAI) was developed initially to

prOvlde eiixcxent palatable, and mdxvndualxzed drill and practxde. lt

was ! abandonedmby educatxohal researchers because it was too expen—

-sivetand because 1t proved difficult fo move beyond arill to more €T+

plek instructional tasks. While there are now computer programs

that can engage in sophisticated tutorial conversahons (e.g., Carbonell
1970a, l970b' -see also Collins, Warnock, & Passafiume, 1975), those

programs stxll require Ffrassive computer systems. However, the

advent of large- scale circuit integration has brought down the pr1ce oi

.computer hardware to the pomt where drill-and- practxce systems are

‘quite ieasnble. . ) . .

-

The classical arguments for computer-monitored drill are still
valid. (see the \papers in Atkinson & Wilson, 1969, for example). " The
computer can deliver immediate reinforcement, keep good records, ‘
and .(especially 1mportant) record not only what the responses are, but
also how fast they are made. Finally, it is a relatxvely unforgwmg
verbal commumcanons medium in Whl.Ch precision of responding is’
.emphasized. Thus, we belxeve the computer should be reconsidered-
as‘_a tool for providing ve\r‘b\al coding drill, alghough we stlill’need to

«
N .

determine what sorts of dril\l\\\are effective.

The alternative to verbal coding drill is massive practice_in
everyday text reading.. Again, there is thé problem of knowing what
constltutes effective practxce.' If )\ve knew that, we could presumably

embed the practice in a meamngiul and therefore more rewdrding,
activity., A second problem is that because oi the very meihcxency of
&

beginning readers with text, there is not much in the primary grades

Y
£
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. ~curriculum other than existing reading instruction that depends on

reading. The medium is tynsafe’ for instruction, -
13 N -

.
= [

¢ However, reading can be made a ‘more ba.sxc ,component of games

- (as in the New, Read;ng System [Beck, in press]) and other "enrxch—
ment-activities! in the school. Consxder some “of the following forms
of competxtxons How many instruction cards (like chan::e in Monopoly)
can you read: and execute before the hourglass runs out" Can you

rearrange some scrambled words to fxnd out which square to move to?

Can you solve a crossword puzzle in 15 minutes? Can you figure out

A FullToxt Provided by ERIC

what tofeed 2 pét gerbil by reading a pamphlet abouyt them? All-of

t.hese tasks once children have learned basic strategies for domg

v

them, prowde verbal codmg practjce that is fun. Successful readxng
classroonis already include many such acthtxes, but further instruc:"

tic_)n_al Yresearch is needed to assure that such practice is effective,

i

There are still only a few studies of what constxtutes effective
practxce, but we think we can learn £rom them. Fxrst of all, speeded
word recognition practice, eveniwith short-duration presentati%ns,
does.not, jof itself exert much influence on recogmtmn speed or on
comprehensyxon accuracy (Dahl, 1974, 1976; Samuels, Dahl, & Arch-
wamety, 1974). HoWever, when the emphasis on speeded recogmtxon

. is augmented by 1nstructxon in tactics for recognition, both recogm.txon
speed and cloze test performance are 1mprove’kl (l)a}:l 1974). Simi-
. larly, mstruthon in specxfxc methods of makmg sense quickly out of

sentences whose words are scrambled (Weaver, 1976) can boost read-

.

ing comprehension (as measured by cloze performance), as can instruc-
tions for produ.cmg a domplete illustration of a story one has been read- -

ing (Lesgold McCormxck & Golinkoff, 1975 whxch measured improve-

K

ment in paraphrase recall of text).

On the other hand,” practice by poor. readers, without further in- )
struction, on a task in.which good readers are faster does not produce

.
-improved reading performance. There are two possible reasons for
. . o B
<t
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+ this. Oue is that'vex-bal coding speed is only a by-product of reading '_
E ‘ e:_c_pertise;—the other 1s that more conscious processing is necessar); )
. to‘r’ecc;gnize’words that are not well known, than"ls needed for ia‘,mil'lar
\matenals. Specxi:cally, a current-model of hxgh -speed recogm.txon
(Atkinson & Juola, 1973) argues that the- process is highly automated
if confidence'in the recobnitlon is high, but that extra verbal process=-
ing 1s,engaged when recognition is less certam.& Perhaps bahl's inef-

fective- task ‘was so easy that no mental efiort was required. 'Dahl used

irequent words but infrequent words are the major source of' good/
<poor «recogmtxon speed_difference (Perfetti & Hogaboam, 197:) There~- |

._Lﬂre, Dahl may have been giving practice on exactly the material for
. n 2l tof
:~ *  +which practice is least needed. ’

An alternatxve view oi the role of conscxous processmg is that
-1t enables. the learner to better determine the sahent propertxes of .

,the task and the full range of response components 'requxréd (Welford

e

. 1976) For example, some taxlors have great trouble learmng to
—repaxr woven ‘fabric. This is not because of a lack of fieedle-moving

dexterify or lack of vxsual acuity, dut rather because they do not under—

F ~ stand the structure of the weave (Belbm, Belbm, & Hill, 1957). Sum.-

larly, unc0nscmus practice oi specific words may produce no transfer

.* while more attentwn to the task may result in reimement of additional

“

+

subskills. ' ' .

. L
.

To summarize, we do not know the full range of effective reading':
practice techniques, but it s likely that practice on responses that are
already-automated will not be as effective as practxce in applying spe- ' .-
cific rules to (i.e., consciously processing m) decoding and other h

verbal tasks that are accomplishable but not yet highly automated. s

. . v -

,Measuring verbal codmg efficiency. It is no a'ccident~that read-

mg tests atre usually txme-hmxted tests, thus giving wexght to speed.
.as well as accuracy. The studies of Periett; and Hogaboam (1975, .

Note 1), Hunt et al. (1973), and others have shown speed of verbal

B A et provided by ERC
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\’c‘oding to ‘Be a-good predictor of read‘ing success. It is.a better pre-

) dictor than accuracy of periormance since skill accuracy goe;s: to 100%
‘before skill-deveiopment is complete (see Judd & Glaser, 1969). For
‘example, one can measure letter- nam1ng accuracy on the first day of
first. grade and predlct readmb achxevement for a while, but one can
measure letter nam1ng speed throughout the fxrst ye?r and 1t w111 con-

tmue tobe correlated thh readmg achievement \Speer & Lamb, 1976)

-

Ve suggest tbat there are three levels of skill facxhty that should

R LN
Jbe}diwtmguwhed in measurement of verbal coding ability: 1naccurate
h erformance, slow, accurate performance and automated perfOrmance.

e ft is the mlddle level t.hat may most’ b,_?nefxt from practice. When.per-

A formance is hxghly automated practice will not help since no conscxous
y .processmg is required for perfo‘r&mance and no load on processmg
éaj);a_q;i’ty forc_es skill refinement.,.A student who performs inaccurately
. vnt?ed;_s _té ‘be Eaught. not drilled. If thére is a place for practice, it is

at the intermediate level. .

. * I ’
Current methods of testing do not make these distinctions very

well, ';’nére are speed and accuracy measures available‘f;rom some
tests, but those tests are psychometrically designed S0 that ‘no oae does
perfectly. Hence, both accuracy:and speed scores represent'a mix~ 7
tu,rev of the three stages of expertise. However, the steps one might

take to develop a readmg achievement test that measures processm

tion, but not-at all alien to experimental psychology.
; . - . .

Let us consider how we would write a testing system

lary. First, we would use the difficulty orderings generafed by tradi-
~ . - NN

o

tional vocabulary test writers, exce\pt that instead of re‘latiné the ordi-
. « M -

* nal positions in our word list to grade levels, we woulc'léexpress them
. "in some value-free way. Then we would use one of the traditional pro-

cedures of perception research to determine an accuracy threshold,

[y
Lo
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*  saj the point in-the orderipg at which there is 90% accuracy in recog-
nf'fing and definidg the words. ‘ . R

ﬁ"

. Determxning aniautomatxon ‘threshold'is. not as straxghtiorward

= \( » 8ince the crxterla for speed of - processxng are- normatwe “rather-than

\.! absolute. The lxkely task.would be vocahzatron latency (Perfettx & .
;": ’ 'xlogaboam, 1975), .The performance of thxrd and fifth graders on fre- )
quent words and of good:readers in that group on. mfrequent {for ‘those
o grades) words is fairly uniform-and faster than the performance of .
" “poor reader‘s—on.rnf'requent. wordss There is a vocalization speed gap

: of:'a'bout 1 sec between the presumably automated and presumably '
. :unautomated. p’erfo.rmances. _ Thus, there is the possibility that one

P (could produce,a chart that said, for example, that recogmt;on of words .

l 000-1, 200 on the ordered list of words is automated if vocahzatron

¥ . tlme “i8: less than.1. 6 sec. Gwen such a normatwe chart, one could
. estabhsh a threshold m the wozrd order below which all wo‘rds have a
‘ probabxhtv of sa;a 90% of bexng recognized automatically. Most proba ’ N
,bly, the threshold would have to be estimated somehow for each chxld .

. . since.thére are overall mdwzdual differences in speed of respondxng.

* -

The same procedure could be applied to comprehensxon testmg.
The re we would estabhsh thresholds for what level of passage diffi-

- culty- can be handled at all and also for how faf in a dlffxculty -ordered -~
v - set. of passages one can progress ‘with both fast reading and accurate ' )
;comprehensmn. Agaxn, there would be norming problems, but that is
-also true for standard achievement tests. Materxal\ just below the -
child‘s accuracy theshold would be the subject of specific instruction,
presumably based on task analyses, and material-between the accuracy
and automatxon thresholds would be used in specific readxng practrce
-tas}cs. it may turn out that for some levels of feading ability, the

reading automation threshold could be established by reference to

. ’ listening comprehension (see Sticht, in press). However, we do not *.
; generally, believe that poor readers will be adequately efficient in
. N
§ .
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lv.stenmg comprehensxon (see Perfetti & Lesgold, in press), and

recent data support our view (Berger, 1975; Lesgold Curtis, & Roth
.Note 6). o

‘
- w

*

. q While it would-be possxble -to do this.sort ox testmg with paper
and-pencil, it could be unW1eldy. Determining thesholds is a c0mplex,
e

tune consummg process if. 1t is done by hand. One can guess_that it

would become a .domain of. the reading specialist, not the regular class— )

.

- ,room~teacher. This means i it will be expensive and, therefore, not 3
. ~done too. often nor for '"better' students. . On the other hand, ‘this sort
-.of- testxng could be done by a very small micro- processor system using
: cassettes 6?'1' other recently developed devices to store text material.
) A classroom teacher could easily-learn to make both mstructronal and

practice- prescr;pt;ons if all s/he had to do was send chxldreti to the
computer .and interpret two theshold measures produced by the\: com-
& _ puter, i ’ o

,\
«

o Who needs pract;ce" One out;.ome of a testing program such as

s.  wehave outhned could’'be the dl.scovery that some students, presumably
the better readers for this grade, do not have much of a gap between

their accuracy | and automation thresholds. This is an empirical matter,

z ’ and we cannot predxct whether this will happen. If it did, it would.-sug- |
& gest that not all ch;ldren need the same ‘amount of reading practice ’

’ . .and that some chxldren quickly automate the skills they learn. This

3 X would be consistent with the work of Royer, Hambleton, and Cadorette -
{Note 7), which shows that fast learners who meet the same 1mmed1ate

.

criterion of fact learning as slow-learners have .actually learned the

materxal better, as shown in later retention tests.

*' . The problems of providing only some students with extra prac-
tice in the coding components of reading aré twofold, First, there are
morale problems and related difficulties that occur when children or
their parents realize that not every child is getting the femedial drill ,

S
.activity; We are not socxal.psychologxsts, we feel that parents,

b " ’ 34
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teachers, students, and other experts will hav leal with the ques-

tion of individualization of instruction. The secound problem deserves

- N !

moré comment. - . . Lo |
N ' . .
coo : i, 0.,

The disparity in reading achievement in different sclioagis dis-
tricts and neighborhoods is such that. reading curricula are beginning
to appear that are targeted at one exgeme or the other of the achieve-
. ment. continuum. “While we- are heartened to note that programs such , .
-as DISTAR which are targeted at "compensatory education" popula- ‘

Ations, emphasme verbal coding facility, we must reiterate a warning

ro mr o —

.posed by Bartlett (in press). \

. . )

Bartlett pointed out, in comparing the QOpen.Court and-DISTAR

.

prograins, that although DISTAR provides man; opportunities for .
’verballcoding practice; itdv s not contain, in its earlier levels, much.“
emphaéns on the thinking components of comprehension. There

literal probe questions to assure that each word has been attended to,
but there are less of the "Why do you think , . ." questicns found in
;programs‘aimed at easier-to-teach populations. While Bartlett

A
viewed. this in a somewhat different way, we have to agree that while v

reading practice can simultaneously strengthen both’the lexicaI/verbaI/, ’
coding and the cognitive/interpretive skills of reading, dny given
attempt by the teacher to test for coding will deemphas:ze inferential

jprocess and vice versa. . - ;
. oo

A common solution of a publishe:r_, when confronted with two
incompatible design ideals, is-to-try to safisfy each for part of the
time. While this may be the only solution in terms of materials
design, we believe that extensive verval coding facility and high-level,

well-thought-out understanding of text are twin goals, and neither of i

them should be diluted. Both goals s}ioul_d weigh constantly onsthe
mindg. of teachers. If the first is not met, the second is, we believe,
impossible. If the second is not met, the first is-valueless. While

it may be.necessary to temporaril;r put great emphasis on coding

. . *




practice, children should never be mxsled into thinking that reading

fdst or accurately saying words is theu\ final godl. By prowdmg
opportumtxesfto be rewarded for readmg for mformatxon, teachers

-can help children: understand thc value of reading. By emphas;zmg

analytic com rehenstn in everyday listening and visual observatxon

sﬂ:uatxons, ey can.get the child ready to makc use of the decoding

iacxlxty that xtra practxce in reading mcchamcs may provxde.

.

~Su tha.rz. In simple terms, we can summarizé our argument
as follows. ere is-evidence that geht:ral verbal coding facility'ié
substantxally‘ correlated with readmg achxevement. We do not‘k'n?w

:

whxc'h causes- ‘which, However, the analogy with phys;cal fitness sug-
.fests that cause runs- in both directions and’ that mstead of trying to
find out whether lack of verbal fac:lxty causes pbor reading or vice
versa,'a bci:(,- _goal would-be to try to specify what sorts of verbal

s}cills practxce producF 1mproved verbal facility.

When’ children cannot do a verbal task, they need to be taught’
how to do 1t. However, ven after they have learned what to do, they
may. need-to practice to learn it well. While some normative tests:
measure speed of decodmg as well as the abxhty to decode, much day-
to- day testmg of students taps only the low mastery level of corregt ‘
~per£ormax‘xce. ) It now seems worthwhile to experiment with and to
learn how: to measure higher criteria of mastery for basic verbal<

. .,

co_dmg,skxlls, criteria based not on just domg the _]Ob but instead,

-

on doing the job well,

- -

<
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